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Abstract 
Chinese carmakers are leapfrogging innovation by levering electric vehicle propulsion 
technologies and providing low cost solutions. This has become a severe threat for mature 
global players. On the other hand, European premium carmakers have been able to increase 
their penetration in emerging markets. Even though premium cars yield higher costs of 
innovation and offer few possibilities to achieve scale effects, sales have skyrocketed to a 
record high in 2011.  In both cases, manufacturers who can innovate best will emerge as 
winners in lucrative and expanding markets - regardless of origin or innovation approach. 
The aim of this paper is to outline disruptive innovation patterns of the Chinese automotive 
industry and to showcase the system integration capabilities of European carmakers. The 
paper commences with “the China Price” advantage that plays a vital role for Chinese 
carmakers to leapfrog technology gaps. It allows offering innovation at low cost.  Also, the 
local electric vehicle supply chain, government supportiveness and behavior of emerging 
consumer groups drive growth for new technologies such as electric vehicles in China. Next, 
the European car industry is characterized with the evolution of key innovations coming to a 
large extend from German premium carmakers. Consequently, the paper shows how their 
global success and innovation dominance in the premium segment can be linked to their 
integrated R&D approach. This comprises system development, modularity concepts, in-
house R&D value chain, rigorous planning processes and so forth. In summary, the paper 
analyses key trends in innovation patterns from the Chinese and European car industry. 
Furthermore, it shows related market drivers such as regulatory development and consumer 
behavior. At last, a generic model for new product development is used to compare 
automotive R&D approaches between China and Europe. The authors conclude with their 
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findings on comparing low cost innovation versus system innovation based on Chinese and 
European automotive R&D.  
 
 
Keywords: New product development; low cost cars; disruptive innovation; China price; electric vehicle; system 
innovation 
1. Background  
As described by Goldman Sachs in 2003 [1], the vast rise of BRIC countries, taking a 
significant position in the world's GDP contribution, is inevitable. One of the pillar industries 
both contributing and profiting from the rise is the automotive industry. This is due to the 
fact that economic growth strongly correlates to a rise in transportation of goods and 
passengers [17]. In particular, emerging markets are benefiting above average from 
transportation growth [18] in this regard. Simultaneously, this leads to an increase of oil 
based products necessary for transportation. A variety of multinational companies have 
profited from this rise either exporting their products to emerging market and / or tailoring 
their products via local production facilities to meet low cost consumer requirements. 
Simultaneously, local competitors have emerged trying to close the innovation gap when it 
comes to conventional internal combustion engine (ICE) technology needed for 
transportation. When looking at Chinese OEMs in particular, leapfrogging innovation steps 
by levering new propulsion technologies, namely electric and hybrid electric drives, has 
become a sever thread for mature global players.  
2. Introduction 
The research outcome of this paper is developed based on two key hypotheses: Hypothesis 
1. The Chinese automotive industry succeeds through disruptive innovation patterns (e.g. EV 
technology leapfrog, low cost innovation) leapfrogging their technology gaps; Hypotheses 2. 
The European and in particular German automotive industry succeeds through their ability in 
vehicle system integration (e.g. premium cars, perfection in technology integration). The two 
hypotheses derive from the following initial assumptions. 
Initial assumptions leading to Hypothesis 1: China is the innovation leader in BRIC (based 
on R&D spending, patent applications and engineering graduates) [14] 
Initial assumptions leading to Hypothesis 2: Global success and innovations of premium car 
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In order to derive and validate the two key hypotheses, a variety of initial assumptions 
have to be confirmed. This comprises technological developments in the mentioned fields 
such as EVs and renewables, market drivers covering regulatory environment, consumer 
behavior and so forth for China and Europe (with focus on Germany). Simultaneously, 
existing innovation patterns in these markets are analyzed. In addition, challenges arising 
from emerging technologies are outlined providing the motivation to find a novel approach 
that accommodates for these challenges.  
2. Findings 
2.1  Analysis of Innovation Potential in China 
The following analysis consists of an overview of key indicators for innovation in China. 
Relevant key indicators include talent pool, public-private R&D expenditure and no. of 
patent applications [24]. Simultaneously, a measure of the compound annual growth rate 
gives a trend indication over the period from 2000 through 2008. The European Innovation 
Scoreboard (EIS) [25] model for innovation is based on an input-output model and is used in 
this analysis for simplicity reasons.  
This brief analysis of R&D performance consisting of talent pool, R&D expenditure and 
no. of patent applications provides an overview of the capability for automotive research and 
innovation in China. Commencing with talent pool, it is a core prerequisite for innovation. 
R&D funding can only realize its value when there is sufficient talent to turn knowledge into 
a source of growth. In China, the number of engineering graduates rose to more than 2.3 
million per annum in 2008. An interesting fact is that more than half graduated in fields 
related to electrical/electronic engineering & IT, according to the China Educational 
Statistics Yearbook. [28] 
In addition to the available talent pool that needs to execute the innovation process in 
public institutions or enterprises, the R&D fund allocation is crucial for a country's ability to 
come up with innovations. Therefore, government-set research targets that are defined in an 
R&D agenda play a key role in fostering relevant industry domains and boosting an 
industry's competitiveness according to the European Council for Automotive Research 
(EUCAR). In China, R&D spending as a percentage of GDP rose from 0.8% to 1.5% of GDP 
in the period 2000 – 2008. During this same time, China's GDP experienced a compound 
annual growth rate of roughly 12%. China is preparing for indigenous innovation – including 
in such areas as alternative-powered vehicles. By comparison, R&D-to-GDP ratios in the US, 
Germany and Japan were 2.7%, 2.5% and 3.3% respectively in the year 2008 [25]. 
A result or output of the invested R&D funds and the talent pool that is executing the 
innovation work, the patent applications are reflected as an outcome in the following analysis. 
When doing so, the national origins of patent holders need to be taken into consideration as 
some foreign companies could simply protect their IPR by filing patent applications in China. 
In China, a large proportion of IT and electrical/electronic patents (37% in 2008) are held by 
companies with an international presence, such as Lenovo and Huawei. In other areas, public 
research institutions are the predominant patent holders. Universities have special 
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departments dedicated to development of patents. By contrast, Chinese companies – whether 
state-owned or private – rarely have the means or patience to conduct basic or applied 
research [9]. This situation is also seen in automotive companies, where designs are 
commonly brought in by foreign joint venture partners free of charge. The resulting 
framework for low-cost innovation in China will be analysed later on. 
It needs to be mentioned that China is the most innovative country of all BRIC countries 
when looking at the described indicators. Both CAGR and absolute figures for talent pool, 
R&D expenditure and patent applications are higher in China than in all other BRIC 
countries [14] 
2.2 Emerging Automotive Consumers 
 This section analysis Chinese emerging consumer groups and outlines particular 
automotive consumer requirements as currently present in China. The aim is to outline the 
differences from Western traditional consumer behaviours and how this might impact the 
way the future automobile needs to be developed. Especially, as China has become the 
largest car market for new vehicle sales in the year of the financial crisis 2009. 
 The up-rise of new consumer groups outlines the following course of events: People 
leaving their rural living environment enter the cities with similar ambitions. They are 
lurking for better living conditions by taking advantage of new employment opportunities 
fuelled by the industrialization of China's East coast. They find higher paying jobs in the 
rapidly expanding manufacturing and service sectors. After having taken the decision to 
build a new life in the city, these migrants have a high willingness to work hard and do their 
best to improve the lives of themselves and their families. As they come to the cities with no 
debts, already their first wages have an immediate impact on their spending patterns. Along 
with the increased power to spend money comes the willingness to do so. The emerging 
consumer class is born. The growing appetite for consumption has many faces. As the 
consumers in the emerging middle class become more wealthy, and are exposed to new ideas, 
new products and new markets, their tastes and preferences for goods and services are about 
to change.[29] 
 Early New Urban Consumer (1.5 billion people): This group resembles neither the city 
dwellers they have joined nor the rural communities they have left behind. Their overall 
appetite tends to be strong for certain must-have items like basic food and beverage, as well 
as basic sanitary products. 
 Developed New Urban Consumer (500 million people): This group already shows a 
growing demand for discretionary products as its disposable wealth grows: personal care 
products, processed food, consumer electronics, household products (shampoo, toothpaste, 
dishwashing tablets, cosmetics etc). 
 Mature Urban Consumer (300 million people): After gaining a certain level of wealth 
and regular income these consumers start to satisfy their needs for travelling (cars, holidays), 
education and security (insurances, protection of their property). 
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 Luxury Consumer (50 million people): These newly affluent consumers want Western 
badges of status to signal their arrival into prosperity. Owning luxury brands is the main goal. 
Here the motto is often “the high-priced, the better”. And the potential is huge.  
 Building on this consumer classification [7], [10], the emerging automotive consumer is 
described in the following. The emerging automotive consumer in China is between 30 and 
45, male, and uses his car equally for work-related and non-work-related travel. Most of 
them are private buyers. They have generated their wealth within recent years and live in 
coastal cities in the Eastern regions. Beyond this generic data, however, little is known about 
the demographics of Chinese car buyers. What is known though, is that the emerging 
automotive consumers in China are still very open when selecting their first vehicles. 
Typically, brand loyalty is very high in Western countries with around 80% of car owners 
considering the same brand for their new car. On the other hand, in China, brand loyalty 
levels are currently at 10% or lower. A major driving force for this is the fact that many 
consumers are still in the process of buying their first vehicle and therefore have no 
experience with brands. The used car market is just developing [19]. 
 Looking at the branding of cars in China, it is well known from mature markets that 
customers make their purchasing decision based on two "mega-attributes": cost of ownership 
and vehicle excellence. In general, Chinese car makers have commenced with positioning 
their products in the volume market segment due to their low cost positioning and lower, 
average customer acceptance. And therefore, they try to appeal on cost of ownership 
(neglecting life cycle considerations). This means that end consumers perceive such vehicles 
as good value purchase. Meanwhile, multinational OEMs have simply kept their typical 
brand attributes (e.g. Mercedes – luxury or Ford – affordable, etc.). Nevertheless, they have 
recognized a variety of consumer preferences when introducing their vehicles in China: for 
example, different color schemes and materials in the vehicle interior, distinct vehicle model 
names, long wheel base and many more. Furthermore, there typical market relevant technical 
requirements are to be considered: Chinese language navigation systems, local engine 
adaptation to suit the "bad" fuel quality in China and so forth. The following sections will 
cover distinct approaches of both multinational and Chinese OEMs on how to fulfil the 
Chinese emerging consumer requirements for passenger cars. 
2.3  Generic NPD Process in the Automotive Industry 
 In order to better compare the various approaches of multinational and Chinese car 
makers when it comes to low cost car development, this section introduces a generic new 
product development (NPD) process for the automotive industry. A simple IDEF0 model is 
used in order to group key elements of the NPD process. In the automotive industry, the 
NPD process consists of the following four key elements: innovation phase, development 
phase, testing phase and ramp-up phase.  
Commencing with the innovation phase, this is where marketing, strategy and research 
teams evaluate various new vehicle concepts till they conclude with a final product 
specification. It is later shown that this phase is underrepresented within Chinese car makers 
as many vehicle concepts are simply copied. During the development phase, the program 
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management team executes the actual product development based on the requirement 
specification together with various suppliers, purchasing departments, finance, sales and 
marketing and production planning. Various rounds of testing allow validating if product 
requirements are met during the testing phase for both, components and complete vehicle 
designs. Essentially, this also includes the vehicle type approval ensuring that the vehicle 
complies with market specific technical regulations. Last but not least, the production ramp-
up prepares for final series production of the new series vehicle. In the following sections, 
the NPD process will be compared considering approaches to R&D from multinational and 
Chinese OEMs, when introducing new products in the China market or preparing for export 
from there.  
2.4 Chinese OEMs leapfrogging Technology Innovation based on the Electric Vehicle 
Revolution 
In this section, the analysis focuses on how Chinese carmakers are disrupting the global 
value chain with low-cost innovations. Since the opening up of the Chinese market, 
automobile sales and production have experienced double-digit growth. Having overtaken 
Germany, Japan and the US, China has leapt to the number one automotive market in the 
world since 2009 in terms of unit sales. In 2009, passenger car sales comprised 7,927 million 
units excluding light commercial vehicles. Foreign players have been present for more than 
20 years (VW and Chrysler being the first to enter in 1985 and 1983 respectively [3]). 
However, there are many requirements that make China different from other BRIC markets. 
For example, foreign OEMs can only produce vehicles in a joint venture (JV) operation in 
which their stake cannot exceed 50%. Another auto industry policy is that key systems of the 
automobile must each have 40% local content in order to qualify for reduced import tariffs of 
about 10% for the remaining parts that are still being imported. Otherwise if local content 
requirements are not met, imported parts are subject to a 25% tariff just like completely built 
up (CBU) vehicles [18], [2]. While these requirements have been ruled illegal by the WTO 
after a lengthy 3 year case, they still exist at the current time. As a result, foreign players are 
forced to invest in the development of local suppliers in order to obtain parts for their local 
production facilities. This on the other hand allows Chinese car makers to benefit from 
qualified (foreign) suppliers that want to capitalize their investments via new customers. On 
the other hand, foreign players have gained from the JV policy. VW in particular has 
benefited greatly from its joint ventures with FAW and SAIC and has maintained its market 
leadership with a 17.4% share of the market in 2008 according to JP Morgan. Chinese 
players on the other hand are starting to unleash their potential in research. Local OEMs that 
were originally organized as state-owned enterprises (SOEs) have gained technology through 
Sino-foreign joint venture operations. SAIC, FAW, and BAIC are examples of this kind of 
technology transfer. More recently, purely private players such as Geely, Cherry and BYD 
have made progress in technology development. Observations at motor shows in China 
indicate that IPR infringements are still occurring. Until 1980, knowledge and inventions 
were transferred for free from academia to state-owned companies. Universities and research 
institutions had the sole responsibility for R&D and passed their results on to industry for 
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manufacturing purposes or for transfer into products. This is explains why the concept or 
innovation phase is rather short with Chinese OEMs. 
When looking at emerging powertrain technologies in particular, the "national 863 
program" for automotive R&D, as initiated by the MOST, has contributed significantly to the 
rise of new powertrain technologies and consequently NEVs made in China. The most 
prominent beneficiary of this program along with the incentive measures as described is 
BYD, which aims to revolutionize the car industry with its electric vehicles. This is only one 
example. Chery and Geely have successfully used the tactic to base their designs on 
established products and then they take advantage of China's low cost basis. China also plays 
a leading role in the lithium-ion battery market. With a 22% market share, it is now second 
only to Japan. Lithium-ion batteries are a key component for electric powertrains. Also 
electric motors have reached state-of-the-art level made in China. In particular, permanent 
magnetized synchronous machines (PMSM) as used in hybrid vehicles due to their higher 
power density - whereas asynchronous machines (AM) are better suited for EV applications 
due to their higher energy density [13]. The electric motor industry has enjoyed a long 
industrial development in China, e.g. for textile machine, electric two-wheelers and so forth. 
Also, China possesses raw earth magnets as natural resources. that are needed to manufacture 
PMSMs  Hence, the entire value chain can be locally sourced providing a significant cost 
benefit over foreign players when it comes to implementing NEVs in China.  
What can be seen in the industry is that there is a clear trend towards electrification of 
powertrain or in other words towards hybrid electric vehicles (HEVs) and EVs. The Chinese 
industry will heavily benefit from this development and will be able to leapfrog the 
technology gap that is currently present in conventional internal combustion (ICE) 
technologies [4]. This particular phenomenon is discussed in the following. 
The outlined phenomenon is called disruptive innovation through better cost 
competitiveness. Disruptive patterns of innovation by Chinese players are well known in 
appliances, IT and the telecom industry [6], [21] and [23]. It has be shown how local Chinese 
players can rise to influence global markets by providing innovative products at lower prices 
than global players would normally ask. Global players usually expect a premium when 
providing customers with additional features or new product innovation. A similar approach 
can be seen in the car industry. JVs get their original design from their foreign partners 
virtually for free. However, Chinese car makers have the advantage of local market 
intelligence, which allows them to innovate the product to suit local customer groups better. 
In addition, Chinese suppliers can adopt foreign manufacturing equipment to fit their local 
manufacturing footprint. The large amount of manual processing in comparison to the 
automated processing of the western world allows Chinese manufacturers to capture cost 
benefits and tap into the "China price" [8]. Our findings show how a Chinese Li-ion battery 
supplier has "semi-manualized" a battery cell filling process that would normally be 100% 
automatic.  
In the auto industry segment of small cars with alternative powertrains such as electric 
drives, there are opportunities to use the power of low-cost innovation in particular by 
Chinese car makers. It is expected that increasing numbers of innovative auto industry 
players will emerge to take advantage of these opportunities. 
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Besides the already analysed policy trends aiming at emission reduction, consumer 
requirements will have a significant impact on EV roll-out. Are consumers willing to accept 
a limited driving range and at the beginning lacking charging infrastructure? Indeed, a valid 
question in the early stage of EVs. This is why the following assesses key components, costs 
and infrastructure vital to EV success. Commencing with key components of EVs, there are 
essentially three systems that are different to conventional driven vehicles: 1.) Power 
electronics, 2.) Electric motors and 3.) Battery storage [11]. Of all the three, the battery 
storage system is the key cost driver for EVs representing more than twice the cost of both 
power electronics and electric motors combined. For the moment, the majority of battery 
suppliers are focusing on Li-Ion battery technology. It is likely that this technology will 
dominate the production ramp-up phase for the coming five to ten years. Although a number 
of alternative composite materials exist for the anode, cathode and electrolyte of battery cells, 
all suppliers will need a certain amount of lithium based raw material. As a result, batteries 
for EV applications will be the main driver for an increasing demand of lithium. 
Nevertheless, lithium carbonate reserves (three-quarter of global reserves being found in 
Latin America) are sufficient to not expecting a shortage on the supply side. However, there 
is a risk of temporary price increases as experienced in recent years. As technological 
development progresses along with economies of scales, it is expected that battery costs will 
fall threefold between now and 2020 [11]. 
After having analyzed technological trends vital to the success of EVs, the following 
reviews the market potential. Recent studies have shown that by 2020 there will be an 
average penetration in percentage of new vehicles sales of around 5% for EVs and around 
10% for plug-in HEVs (PHEVs) in the triad markets and China. Including mild hybrid and 
micro hybrid in this consideration, penetration rates above 95% are forecasted. For Europe 
that would translate in 2020 into roughly 3.5 million vehicles with pure electric driving 
capability (EV and PHEV) sold [11]. Conservative assumptions are that for every electric 
powered vehicle sold, 2.5 charging stations need to be built assuming a residential charger, a 
workplace charger, and a smattering of commercial chargers, working on the assumption that 
EVs will have to be charged were they sit for long periods every day.  At the same time, such 
additional loads require new capabilities of grid applications integrating the electrical 
infrastructure along with an information infrastructure. Essentially this offers new 
opportunities for utilities and grid operators/service providers by charging a premium for 
electricity and related services including payment procedures and so forth.  
2.5  Climate Change  
After having introduced the policy development side of climate change such as COP15 
and the EU climate and energy package, the following provides a review of energy scenarios 
and its impacts on climate change. Commencing with an overview of world primary energy 
demand as described in the World Energy Outlook 2009 Reference Scenario. The Reference 
Scenario describes a future in which governments are assumed to make no changes to their 
existing policies and measures regarding the energy sector. The projections in this scenario 
are hence not a forecast of what will happen but rather a modelling of what would happen if 
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there was no change in climate policy as it is expected that governments will make climate 
change their key priority in policy development. Though, looking at the Reference Scenario, 
energy demand would grow by 40% between 2009 and 2030, with coal recording the largest 
increase (+53%). Non-hydro modern renewable energy technologies (including wind, solar, 
geothermal, tide and wave energy) would increase five-fold over the same period. Non-
OECD countries would account for 93% of the increase in global demand between 2007 and 
2030, driven largely by China and India. Consequently, world energy-related CO2 emissions 
in the Reference Scenario of the World Energy Outlook are set to rise by 40% by 2030 
(given there are no new policies or measures). The effect of reduced energy demand due to 
the financial crisis on global trend would only be temporary. Even though, existing policies 
can stabilize CO2 emissions in OECD countries, the majority of the increase in CO2 
emissions would be caused by new coal use outside OECD [26]. 
The ‘IEA 450 Scenario’ analyses how global energy markets could evolve if countries 
take co-ordinated action to restrict the global temperature increase to 2°C. This has been 
commonly acknowledged in the Copenhagen Accord. It assumes that the international 
community adopts the objective of stabilizing the long-term concentration of greenhouse 
gases at 450 ppm CO2 or in other words less than half the level reached in the Reference 
Scenario. OECD+ countries are assumed to take on national emissions-reduction 
commitments for 2020. All other countries are assumed to adopt domestic policies and 
measures, and to generate and sell emissions credits [6]. After 2020, commitments are 
extended to other major economies, such as China, Russia and the Middle East region. In this 
scenario, global energy-related CO2 emissions peak just before 2020 at 30.9Gt and decline 
thereafter to 26.4Gt in 2030. In summary, efficiency measures will account for almost two-
third of the abatement in 2020 and 2030 respectively (450 Scenario vs. Reference Scenario). 
While Renewables will contribute more than 20% in OECD+, substantial abatement 
potential exists outside the OECD+ region. Financing will become a key success factor to the 
energy sector meeting a 450 ppm trajectory [27].  
2.6  Renewables: opportunities and challenges 
As seen in the previous section, Renewables play a vital role in achieving CO2 emission 
reduction targets through 2030. Looking at OECD, a country specific breakdown is 
necessary to adjust for local differences in availability of wind, water or sun to implement a 
Renewables portfolio.  
The following case example assesses the situation for Great Britain. In line with the EU 
Renewables Directive, ambitious targets to reduce CO2 emissions have been set on a 
national level. It is expected that wind will bear the brunt of this objective. Despite 
uncertainties on the exact Renewable pathway, there could be as much as 50 GW of wind 
power required to reach CO2 emission reduction targets in Great Britain by 2030 [12]. With 
such amounts of wind power generation, future electricity markets will be highly influenced: 
unlike with thermal power stations, the electricity market will be dominated by large 
amounts of OpEx-insensitive wind power, along with highly intermittent output from wind 
farms.  
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A study and simulation on how electricity markets will behave in terms of pricing, 
patterns of wind based on weather correlation, operation schemes of various plant types and 
so forth has been conducted by Pöyry with some of the results discussed in the following [8]. 
It outlines a typical pattern as of today’s electricity market in Great Britain, where the 
dispatch of a thermal plant is dictated by the pattern of system demand based on a 
comparably small portion of Renewables in the energy mix.  
In comparison, the price chart of Figure 16 shows, how the market spikes up reaching 
extraordinarily high levels in the last week of the month when the high pressure area moves 
in leaving insufficient wind. By the end of the month though, prices are spiking below zero 
as wind power dominates the market – simply due to different weather conditions. The 2030 
analysis shows the dispatch pattern by types of plant and an entirely different running 
scheme compared to today. E.g. Combined Cycle Gas Turbine (CCGT) plant’s operation 
becomes merely a response to the wind not blowing.   
As a result, the running patterns of typical gas powered plants on the system are extremely 
irregular – their dispatch time may last from a few hours to a number of days and being 
dictated by the amount of wind. While current electricity markets are driven by daily and 
seasonal changes in demand requiring different types of power generation with related costs 
to be dispatched, future electricity markets with large amounts of wind power will become 
dominated by the volatility of weather. This case example for Great Britain leads us to the 
next section on Smart Grids outlining possibilities how to mitigate the effects on electricity 
markets induced by a large portion of Renewables. 
3. Conclusion and Outlook 
 After having seen various approaches to limiting CO2 emissions, the following gives a 
holistic view of energy integration pathways. While capping tons of CO2 from power 
generation via a credit scheme is a viable approach on the one hand, the transportation 
metrics for CO2 reduction is based on limiting the emissions per km travelled based on 
typical driving cycles. “True” zero emission pathways become a reality via Smart Grids 
allowing for efficient energy usage by integrating Renewable’s intermittent power generation 
into electrified powertrains of transportation applications with storage capabilities. As 
depicted in the following figure, various energy sources exist that are either translated into 
fuel types for both transportation and power generation or used directly in certain 
combustion processes. The Smart Grid simply makes the connection between transportation 
and power generation industries allowing for overall energy efficiency by better controlling 
supply and demand requirements. 
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Figure 4: Complete view of energy integration from resources, fuels to power generation and 
transportation applications 
 
 For clean energy in transportation, utilities, grid operators and car makers have to 
corporate making true zero emission pathways a reality by benefiting from all stakeholders 
involved. European carmakers and in particular German carmakers have already today global 
success and in some cases dominated the innovations in the premium segment. This can be 
linked to their integrated R&D approach. This comprises system development, modularity 
concepts, in-house R&D value chain, rigorous planning processes and so forth. When 
comparing, based on a generic model for new product development, the automotive R&D 
approaches between China and Europe, the pre-development and pure research phase seems 
to be always outsourced in China. Also, tools such as modularity principles are less evolved. 
On the other hand, “manualization” of manufacturing processes and large scale low cost 
innovation compensate for that. 
 The following figure illustrates an outlook on where our future research is heading in 
proposing a way forward in the rise of zero emission transportation. The authors propose a 
novel approach for NPD in the car industry part of the future research activities proposing a 
way forward in the rise of zero emission transportation. By taking this holistic approach, it is 
expected to achieve the following:  
1) Expansion from tank-to-wheel to well-to-wheel as part of the R&D framework of 
automotive OEMs and  
2) Utilizing low cost innovation approaches as part of vehicle system integration. 
Resulting from this, a novel approach for total system innovation can be derived expanding 
on both dimensions. 
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